Background
Communication problems impede effective symptom management during chemotherapy. The primary aim of this pilot randomized controlled trial was to test the effects of a personal digital assistant-delivered communication intervention on pain, depression, and fatigue symptoms among breast cancer patients undergoing chemotherapy. Secondary aims included assessment of 1) study feasibility, 2) patient and clinician responses to study participation, and 3) intervention effects on health-related quality of life (HRQoL) and communication self-efficacy.
Methods
Intervention group participants (n = 27) completed symptom inventories at baseline, once per week during treatment, and at posttreatment. Depending on symptom severity, they viewed race-concordant videos on how to communicate about pain, depression and/or fatigue, using the personal digital assistant. Symptom records were tracked and shared with clinicians. Control group participants (n = 23) received usual care. Longitudinal random effects modeling assessed the changes in average symptom scores over time. Descriptive statistics assessed study feasibility and intervention effects on HRQoL and communication self-efficacy. Postintervention focus groups, interviews, and surveys assessed responses to study participation.
Results
Mean age of the participants was 51.0 years; 42 participants (84%) were white. In comparison with control, intervention group participants reported lower average pain severity over time (P = .015). Mean pain interference scores over time were marginally different between groups (P = .07); mean depression and fatigue scores over time were statistically nonsignificant. Feasibility outcomes and perspectives about study participation were positive. Mean pre-post decreases in HRQoL were generally higher among intervention group participants; pre-post changes in communication self-efficacy were equivalent.
Conclusion
Mixed findings of the study indicate the need for future research.
J Natl Cancer Inst Monogr 2013; 47:153-161 Cancer patients often experience multiple physical, functional, and psychosocial symptoms while undergoing chemotherapeutic treatment (1-3). Fatigue is considered one of the most problematic side effects of chemotherapy, with high and fluctuating prevalence rates (4) . Levels of emotional distress can also be high, and depression may worsen during treatment (5, 6) . Difficulties with pain during chemotherapy are also common, particularly stomach pain and muscular aches and pains, and pain symptoms can last 1 week or more during half the cycles (7, 8) The diagnosis and treatment of cancer generates a threat to patients' well-being, one that necessitates effective health communication (9) . During cancer treatment, patient-clinician communication is important to the effective management of physical and psychological symptoms (10, 11) . Unfortunately, despite the high incidence of fatigue, depression, and pain in cancer patients, evidence suggests that patient-physician communication regarding these symptoms is deficient (12) . Studies have documented numerous barriers that contribute to negative outcomes, such as undertreated pain and increased risk of hospitalization (13, 14) . Yet, improving patients' communication skills may benefit not only individual patients but also cancer care as a whole (15) .
Interactive health communication tools have proliferated in recent years, together with a growing trend toward empowering patients to take a more active role in treatment (16) . Mobile devices have experienced tremendous growth in health-care settings (17, 18) . For instance, personal digital assistants (PDAs) have been used for symptom monitoring and education for patients receiving cancer treatment (19) (20) (21) . Previous research has indicated that teaching effective communication strategies to patients may increase their participation in health care, in addition to improving adherence and health outcomes (22) (23) (24) . To the authors' knowledge, however, mobile devices have not been used for patient communication training (20, (25) (26) (27) .
We designed a pilot randomized controlled trial to test the effects of a personal digital assistant-delivered communication intervention on patients' perceptions of pain, depression, and fatigue symptoms among breast cancer patients undergoing chemotherapy. Secondary aims included assessment of 1) study feasibility, 2) patient and clinician responses to participation in the study, and 3) intervention effects on measures of health-related quality of life (HRQoL) and communication self-efficacy.
Self-Efficacy: Communication and Attitudinal Self-EfficacyCancer Measure. This 12-item instrument measures communication and attitudinal self-efficacy (CASE) in patients with cancer. It assesses three domains: 1) understanding and participating in care; 2) maintaining a positive attitude; and 3) seeking and obtaining information (37) . Scores for CASE-Cancer are on a four-point scale (1-4, higher scores denoting higher self-efficacy). Cronbach alpha for CASE-Cancer ranged from .75 to .76 (37, 38) .
Demographic Characteristics. Participant demographic information, including age, race, marital status, education, employment, occupation, household income, and computer use (per week), was measured at baseline. In addition, participants were asked about PDA use before the study.
At baseline and postintervention, all participants completed the BPI-SF, CES-D, FSI, SF-36, and CASE-Cancer instruments.
Patient Perspective Regarding Study Participation
To assess responses to study participation, three focus groups and five in-depth interviews were conducted with intervention group participants by two staff members (a white woman and an African American woman) of the Behavioral Measurement Shared Resource (BMSR) at the Ohio State University Comprehensive Cancer Center. Both women had experience conducting focus groups and interviews. Separate focus group sessions were organized for African American and white women. All interviews and focus groups were audio recorded and transcribed verbatim. Transcripts were reviewed for accuracy. Names of participants and other identifiers (eg, physicians' names) were removed.
Provider Perspective Regarding Study Participation
Clinicians who participated in the study were asked to complete a 15-item postintervention survey. Providers were asked to rate intervention components (ie, inventories, videos, and graphs), the value of patients' study participation, and assess whether they would recommend this intervention for future breast cancer patients. A fivepoint Likert response scale, ranging from a score of 1 (strongly disagree) to 5 (strongly agree), was used for all questions.
Analyses

Analysis of Patient-Reported Outcomes Data and Demographics.
A random-effects linear regression model was used to test our hypothesis that symptom severity and interference over time would be lower for patients in the intervention group, compared with the same in the control group. Random-effects regression modeling was used to evaluate this comparison due to the longitudinal nature of the observations; this enabled us to control for within-and betweensubject variability when estimating the standard errors used to test the regression coefficients. These linear regression models were adjusted for professional occupation because this demographic characteristic was not balanced during randomization. All analyses were conducted using Stata, version 9.2 (Stata Corporation, College Station, TX).
The sample size for our study was based on the largest of three sample sizes generated from the BPI-SF, CES-D, and FSI (28, 30, 32) . All three sample sizes used the following criteria: alpha = .05 to test statistical significance, power to detect a difference in the groups at 80%, and correlation between repeated measures of 0.7. Sample size estimation was based on Frison and Pocock repeated-measure change approach (39) . The FSI, CES-D, and BPI-SF produced different sample size estimates. The FSI uses a 10-point scale (0-10) to measure fatigue. The difference from the beginning to the end of the study was expected to be one unit, with an SD of 2.2 units. It produced the largest estimate (25 subjects per arm) and was used as the basis for our sample size.
Descriptive statistics were used to describe pre-post differences between intervention and control groups on the HRQoL and CASE-Cancer measures. Descriptive statistics were also used to characterize research participants' demographics. Fisher exact methods were used to test for differences in categorical variables across groups, whereas a two-sided t test was used to test for differences in age across groups. In addition, we used random-effects linear regression where symptom was regressed on previous PDA use to assess for statistically significant differences in symptom scores.
Analysis of Postintervention Focus Group/Interview Data. Two Behavioral Measurement Shared Resource staff members trained in qualitative analysis read through focus group/interview transcripts and generated a list of topics that categorized the perspectives and ideas shared by participants. All transcripts were coded using NVivo qualitative software and were coded independently. Codes were reviewed and discrepancies were resolved through consensus. Themes were identified based on the number of focus groups or interviews in which each topic was discussed.
Analysis of Postintervention Survey Data. Descriptive statistics were used to summarize responses to the health-care provider survey using means and SDs.
Results
Participants
The number of patients referred into the study, eligible for participation, randomally assigned to treatment groups, and assessed for outcomes are shown in Figure 1 . A total of 93 individuals from two breast cancer clinics were referred. Fifteen patients were ineligible because they did not receive chemotherapy; seven did not consent due to scheduling conflicts. Eleven patients declined to participate due to lack of time, lack of interest, and/or overwhelmed emotional state. Thus, of those eligible and contacted about participation, 84.5% (60/71) agreed to participate in this study.
Of the 60 individuals who consented to participate, 10 were excluded from the analysis because postintervention questionnaires were either not completed (n = 7) or completed past a 1-month posttreatment timeline established by the study team (n = 3). Participant characteristics by treatment arm are summarized in Table 1 . Professional occupation was reported statistically significantly more often by women in the intervention group than by those in the control group (50.0% vs 19.1%); this was the only statistically significantly different demographic characteristic between groups (P = .04). One-third of intervention group patients never used a PDA before study participation. Figure 2, A and B) . There was a statistically significant interaction between treatment arm and time for the rate of average pain severity (P = .02), and a marginally statistically significant interaction for the rate of average pain interference (P = .07) over time ( Figure 2 , C and D). There was no statistically significant difference between groups in the rate of average depression scores (P = .71) over time (Figure 2, E) . Table 2 shows the changes in symptoms across the intervention and control groups after 160 days of study participation. For control group participants, changes over time were statistically significant for fatigue interference (+2.03, P = .01), average pain severity (+1.98, P < .01), pain interference (+2.73, P < .01) and depression (−4.50, P = .04). For intervention group participants, change over time was statistically significant for average fatigue (+1.19, P = .03) and fatigue interference (+1.66, P = .01). For all participants, fatigue and pain increased over time, whereas depression decreased.
Impact of Intervention on Pain, Depression, and Fatigue
In addition, results indicated statistically nonsignificant differences for symptom severity outcomes between participants who had used vs those who had not used a PDA before study participation (P = .73 for pain; P = .84 for fatigue; and P = .62 for depression). Table 3 presents scores on the SF-36 and CASE-Cancer measures. Generally, all participants' HRQoL scores decreased over the course of chemotherapy treatments. However, the mean pre-post decrease was generally greater among participants in the intervention group, compared with that in control. Pre-post scores on communication self-efficacy were equivalent between groups.
HRQoL and Self-Efficacy
Feasibility
During usability testing, both patients and clinicians reported that the PDA was easy to use, read, and comprehend (patient Adherence to treatment protocol instructions was excellent, with 83% of the intervention group participants completing symptom inventories and 90% playing videos as instructed. Specifically, the rate of playing videos before each treatment visit was 73% for depression, 86% for fatigue, and 116% for the pain videos. The latter rate of greater than 100% indicates that patients played pain videos more frequently than instructed. Forgetting to complete a study task was the primary reason for nonadherence. Technical difficulties were minimal (0.03%).
Focus Group and Interview Results
Five themes emerged from focus groups/interviews with intervention group patients regarding the effects of study participation. They reported that study participation 1) forced participants to focus on symptoms they were experiencing; 2) allowed them to keep symptoms in perspective; 3) facilitated many opportunities for self-evaluation; 4) validated symptoms that participants experienced as a result of chemotherapy treatments; and 5) helped participants improve their communication with health-care providers.
Clinician Survey Results
Four physicians and four nurse practitioners participated in the study, and 87% (7/8) completed a postintervention survey. The most favorably rated intervention component was the symptom graph provided to clinicians (4.39 ± 0.52). Symptom monitoring (4.07 ± 0.73) and communication videos (3.85 ± 0.85) were also rated positively. The communication tool was highly recommended for future patients (4.43 ± 0.54), and clinicians reportedly valued study participation by their patients (4.24 ± 0.46).
Discussion
This pilot randomized controlled trial tested the effects of a patient-focused communication intervention on pain, depression, and fatigue symptoms among breast cancer patients undergoing chemotherapy. Our study yielded mixed results. Regarding symptom severity/interference, we found a statistically significant intervention effect on pain, but statistically nonsignificant effects on fatigue and depression. Overall, patients played communication videos for pain 30% more frequently than fatigue videos and 43% more often than depression videos. Differences in the intervention dosage that patients received may have been the primary contributor to the positive finding on pain.
Other factors may also have contributed to symptom findings. We measured patients' perceptions of their own communication behavior via the CASE-Cancer questionnaire, focus groups, and interviews. Focus groups/interviews indicated positive intervention effects on patient communication. CASE-Cancer results were equivocal, probably due to ceiling effects associated with typically high self-ratings of patients' communication skills (40) . Measuring patient perception of communication is valuable but does not fully capture the communication process.
Direct observation (eg, videotaping or audiotaping encounters) has been used to determine patients' PACE (Presenting information, Asking questions, Checking understanding, Expressing concerns)-concordant communication (41) (42) (43) 44, 45) . In our study, perhaps direct observation would have shown that intervention group participants were more effective communicators compared with those in the control group when discussing pain, compared with discussing fatigue and depression. We did not use this methodology in our pilot study due to cost constraints, but it is an important consideration for future studies.
In addition, physician communication plays a statistically significant role in treatment-related outcomes and can also be measured by direct observation and/or perceptual methods (46, 47) . Although we did not survey patients regarding physicians' communication behavior, it is conceivable that physicians were more patient-centered during pain-related discussions, compared with discussions on fatigue and depression. Although not measured, it seems likely that physician communication played a role in our findings. Future studies would benefit from the use of observational and perceptual measures of communication by both patients and clinicians. Our future research needs to thoughtfully select additional measures that can help elucidate the pathways connecting intervention to health outcomes (48, 49) .
In general, HRQoL typically decreases during chemotherapy (50) (51) (52) . Although the study was not powered on this outcome, it was striking to us that intervention group patients generally perceived a lower average HRQoL. They may have become increasingly aware of problematic symptoms as the study progressed, and this may have contributed to lower HRQoL scores (52) . At the same time, however, themes from focus groups and interviews with this group suggested that study participation improved communication, facilitated self-evaluation, validated symptoms, and offered perspective-all factors that might be associated with improvements in HRQoL. These contrasting results suggest the need for further investigation of HRQoL in future studies.
We used a relatively low-tech, noninteractive technology. It allowed us to package an integrated intervention into a mobile device for use in patients' home environment and facilitated use of a tailored vs "one size fits all" approach. Usability testing suggested that the PDA was easy to use, and feasibility results indicated that it was used at a high rate. Use of technology as a tool to teach patients communication skills is novel and raises questions that need further investigation, including whether or not a technology is warranted and the type of technology that is optimal.
For example, several focus group participants favored the use of an interactive device, such as a smart phone. Advantages of interactivity include immediate transmission of symptom data to clinics and potential involvement of clinic nurses who could review patients' symptom status and contact patients via technology when a problematic status is indicated. However, this approach could also pose difficulties for patients who are not technology savvy or those without technology access. Although technology-based interventions have successfully addressed digital divide issues, vigilance needs to be exercised regarding potential exacerbation of existing health disparities (53, 54) .
Conclusion, Limitations, and Future Directions
Our study had several strengths and limitations. First, as the authors are unaware of other studies that investigated a technology-based symptom monitoring and patient communication tool, our pilot findings make an important contribution. Other strengths include the randomized design and use of a tailored, longitudinal approach to communication training. Study limitations include the small sample size, limited generalizability typical of pilot studies and, as previously described, the insufficient measurement of communication and other variables relevant to intervention-outcome relationships.
Future studies should consider an application of the CHAT intervention for a larger and more diverse sample of patients. An application for devices owned by patients might be more favorably viewed and also more cost effective, compared with our method of purchasing, programming, and providing personal digital assistants for the study sample. In addition, research efforts can be expanded to include patient populations at particular risk for higher symptom burden, such as older adults, diverse patient populations (both English and non-English speaking), and patients with comorbidities and additional symptoms. We believe our intervention is transferable to these groups.
Helping cancer patients to effectively communicate symptoms by using information technology can be an important step toward creating a cancer care environment that is tailored, strategic, and participatory (17, 55) .
